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Abstract
We calculate the full one-loop electroweak (FEW) corrections to H− → χ˜−1 χ˜0i in the minimal
supersymmetric standard model (MSSM), and compare with the leading order (LO) corrections
including the loops of the (s)quarks only in the third generation and the complete leading order
(CLO) corrections including the loops of the (s)quarks in all the three generations. We find
that the magnitudes of the FEW corrections can be larger than 10% for tanβ > 30. Moreover,
comparing with the FEW corrections, both of the LO and the CLO corrections are negligible
small for the mode 1(H− → χ˜−1 χ˜01) when tan β < 5, and for the mode 2(H− → χ˜−1 χ˜02) when
tan β > 45, respectively, since there are not enhancements from the Yukawa couplings. We
also calculate the FEW corrections in the minimal supergravity (mSUGRA) scenario, where
the FEW corrections can be larger than the LO and the CLO corrections by more than 60% and
50%, respectively.
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1 Introduction
Beyond the standard model(SM), the supersymmetric(SUSY) [1] extensions of the SM provide
a great opportunity to solve some mysterious problems in the SM. The SUSY partners of the
SM particles cancel the quadratic divergences in the corrections to the Higgs boson mass, and
the hierarchy problem can be solved naturally. If we consider the R-parity conservation as
the essential condition, the lightest SUSY particles(LSP) will never decay, and the stability of
the LSP provides the most important candidate for the dark matter [2]. The most attractive
extension of the SM is the minimal supersymmetric standard model(MSSM) [3]. If we set all
the parameters as real in the MSSM, there will be five Higgs bosons [4]: two CP even bosons
(H0, h0), one CP odd boson (A0), and two charged bosons (H±). When the Higgs boson of
the SM has a mass below 130-140 Gev and the h0 of the MSSM are in the decoupling limit
(which means that H± is too heavy anyway to be possibly produced), the lightest neutral Higgs
boson may be difficult to be distinguished from the neutral Higgs boson of the SM. But the
charged Higgs bosons carry a distinctive signature of the Higgs sector in the MSSM. Therefore,
the search for the charged Higgs bosons is very important for probing the Higgs sector of the
MSSM, and will be one of the prime objectives of the CERN Large Hadron Collider(LHC)
[5, 6].
Current bounds on charged Higgs mass can be obtained at the Tevatron, by studying the top
decay t → bH+, which already eliminates some region of parameter space [7], whereas the
combined LEP experiments gives a low bounds approximately mH+ > 78.6GeV at 95%CL [8].
In the MSSM, we have mH± ≥ 120 GeV from the mass bounds from LEP–II for the neutral
pseudoscalar A0 of the MSSM (mA0 ≥ 91.9 GeV) [9].
If the charged Higgs masses could be large enough, there will be many SM and SUSY decay
modes. In the MSSM the channels of decay into neutralino and the chargino(H± → χ˜0i χ˜±j ) are
very important [10], which have been discussed in the Ref. [11], where only the LO corrections
were calculated. The one loop corrected effective lagrangian for the charged higgs-neutralino-
chargino couplings is calculated in Ref. [12]. In this paper, we present the calculations of
the FEW corrections, which include the contributions of the one-loop virtual contributions of
the (s)leptons and (s)quarks of all the three generations, and all the possible Higgs and gauge
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bosons, charginos and neutralinos and the real corrections i.e. the real photon emission. In
the preparation of this paper, a relevant work was given in the Ref. [13] as a conference’s
short report, which doesn’t show any detail of the calculation and the numerical results are not
complete.
In Sec.2 we define the relevant notations and show the tree-level result. In Sec.3 we present
the virtual corrections, including the vertex corrections and the counterterms. In Sec.4 we
illustrate the real corrections from the real photon emission using the phase space slicing(PSS)
method [15]. In Sec.5 we present the numerical results and conclusion in the low-energy MSSM
and the mSUGRA breaking scenario [16].
2 Notations and Tree-level Width
In order to make this paper self-contained, we first present the relevant interaction Lagrangian
[11] of the MSSM and the tree level decay width for H+χ˜−i χ˜0j (i = 1, 2, j = 1, 2, 3, 4). The
Lagrangian is
LH+χ˜−j χ˜0i = −H
+χ˜0i
(
CLijPL + C
R
ijPR
)
χ˜−j +H.c. , (1)
where,
PL,R =
1
2
(1∓ γ5),
CLij =
e
sW
sβ
(
U∗j1N
∗
i3 −
1√
2
U∗j2(N
∗
i2 + tWN
∗
i1)
)
,
CRij =
e
sW
cβ
(
Vj1Ni4 +
1√
2
Vj2(Ni2 + tWNi1)
)
,
(2)
for convenience, we take sW = sin θW , cW = cos θW , tW = tan θW , sβ = sin β, cβ = cos β
and tβ = tan β.
Here the matrixes U , V and N are the chargino and neutralino mixing matrixes, which can
diagonalize the corresponding mass matrixes. The chargino mass matrix is
X =
 M √2mW sβ√
2mW cβ µ
 (3)
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and the neutralino mass matrix is
Y =

M ′ 0 −mZsW cβ mZsWsβ
0 M mZcW cβ −mZcW sβ
−mZsW cβ mZcW cβ 0 −µ
mZsW sβ −mZcW sβ −µ 0

. (4)
The chargino mixing matrixes (U , V ) diagonalize the chargino mass matrix
UXV † = diag
(
η1Mχ˜−
1
, η2Mχ˜−
2
)
, (5)
and the neutralino mixing matrix (N) diagonalizes the neutralino mass matrix
NYN † = diag
(
ǫ1Mχ˜0
1
, ǫ2Mχ˜0
2
, ǫ3Mχ˜0
3
, ǫ4Mχ˜0
4
)
, (6)
where ηi = ±1 (i = 1, 2) and ǫj = ±1 (j = 1, 2, 3, 4), these signs depend on the configuration
of the mixing matrixes. The chargino and the neutralino physical masses are
mχ˜−i =
∣∣∣Mχ˜−i ∣∣∣ , mχ˜0j = ∣∣∣Mχ˜0j ∣∣∣ . (7)
From the interaction Lagrangian (1) we can derive the tree-level amplitude as following:
M0 = u(pχ˜−j )(C
L
ijPL + C
R
ijPR)v(pχ˜0i ). (8)
Then the tree-level decay width is thus given by
Γ0 =
1
8π
pout
m2H−
|M0|2 , (9)
where the momentum value of the outgoing particle
pout =
1
2mH−
√
(m2H− +m
2
χ˜−j
−m2
χ˜0i
)2 − 4mH−mχ˜−j . (10)
For future convenience, we also present here the vertex G+χ˜−i χ˜0j to fix the renormalization
constant of G− and H− mixing.
LG+χ˜−j χ˜0i = −G
+χ˜0i
(
DLijPL +D
R
ijPR
)
χ˜−j +H.c. , (11)
where DLij = − cot βCLij, DRij = tanβCRij .
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3 Virtual Correction
The Feynman diagrams, contributing to the virtual corrections to H− → χ˜0i χ˜−j are shown in
Figs.2-8. In the calculation we use the ’t Hooft-Feynman gauge, the dimensional regularization
(D = 4−2ǫ) to regularize the ultraviolet (UV) and infrared (IR) divergences in the virtual loop
corrections, and the on-mass-shell scheme for the renormalization [11]. We use the FormCalc
program [17] to calculate the amplitudes of the one-loop vertex amplitudes and the self-energy
diagrams. In order to keep supersymmetry the corrections with the vector bosons are performed
by the dimensional reduction.
The relevant renormalization constants for the wave function and the fields mixing have the
following definitions:
χ˜−i0 =
(
δik +
1
2
δZL−,ikPL +
1
2
δZR−,ikPR
)
χ˜−k ,
χ˜0i0 =
(
δik +
1
2
δZL0,ikPL +
1
2
δZR0,ikPR
)
χ˜0k,

H−
G−

0
=

1 +
1
2
δZH−
1
2
δZH−G−
1
2
δZG−H− 1 +
1
2
δZH−


H−
G−
 .
(12)
The renormalization constants for the vertex parameters are defined as
e0 =
(
1 + δZe
)
e, sW0 = sW + δsW , tβ0 = tβ + δtβ,
U0 = U + δU, V0 = V + δV, N0 = N + δN,
δU =
1
4
(
δZL− − δZL†−
)
U,
δV =
1
4
(
δZR− − δZR†−
)
V,
δN =
1
4
(
δZL0 − δZL†0
)
N.
(13)
With the above rotation matrixes renormalization counterterm definitions, the chargino and neu-
tralino mass matrixes get radiative corrections [18]. The corrections are UV finite shifts on the
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tree-level matrixes X and Y. The shift ∆X is
∆X11 = 0 (14)
∆X12 =
(
δmW
mW
+ c2β
δtβ
tβ
)
X12 − δX12 (15)
∆X21 =
(
δmW
mW
− s2β
δtβ
tβ
)
X21 − δX21 (16)
∆X22 = 0 , (17)
where
(δX)ij =
2∑
k=1
[
mχ˜+
k
(δUkiVkj + UkiδVkj) + δmχ˜+
k
UkiVkj
]
. (18)
The shift ∆Y is
∆Y11 = 0 (19)
∆Y12 = −δY12 (20)
∆Y13 =
(
δmZ
mZ
+
δsW
sW
− s2β
δtβ
tβ
)
Y13 − δY13 (21)
∆Y14 =
(
δmZ
mZ
+
δsW
sW
+ c2β
δtβ
tβ
)
Y14 − δY14 (22)
∆Y22 = δM − δY22 (23)
∆Y23 =
(
δmZ
mZ
− t2W
δsW
sW
− s2β
δtβ
tβ
)
Y23 − δY23 (24)
∆Y24 =
(
δmZ
mZ
− t2W
δsW
sW
+ c2β
δtβ
tβ
)
Y24 − δY24 (25)
∆Y33 = −δY33 (26)
∆Y34 = −δµ− δY34 (27)
∆Y44 = −δY44 . (28)
where
(δY )ij =
4∑
k=1
[
δmχ˜0
k
ZkiZkj +mχ˜0
k
δZkiZkj +mχ˜0
k
ZkiδZkj
]
. (29)
Then the corrected mixing matrixes are X+∆X and Y +∆Y . Through the diagonalization (5)
and (6), the corrected pole masses and rotation matrixes can be extracted. Using the corrected
couplings, the tree-level decay widths are also changed into the improved tree-level widths [14].
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The chargino and the neutralino mixing matrixes renormalization constants cancel the anti-
symmetric parts of their wave function renormalization constants. Consequently, the chargino
and the neutralino wave function renormalization constants are shifted as,
δZ− → 1
2
(δZ− + δZ
†
−), δZ0 →
1
2
(δZ0 + δZ
†
0). (30)
Meanwhile, the renormalization for tan β cancels half of the G−−H− renormalization [11]
as
δZG−H− → 1
2
δZG−H−. (31)
The renormalized virtual amplitudes can be written as
MV1 =M(v)1 +M(c)1 (32)
including the vertex one-loop contributionM(v)1 and the corresponding counterterm M(c)1 . The
vertex part can be derived from the vertex one-loop Feynman diagrams in Fig.2. We list their
analytic expressions in Appendix.
With the previous definitions of the renormalization constants, the counterterm Lagrangian
for the vertex is
δLH+χ˜−j χ˜0i = −H
+χ˜0i
{[
CLij
(
δZe − δsW
sW
+
1
2
δZH− − 1
4
cot βδZG−H−
)
+
1
4
2∑
k=1
CLik
(
δZL−,kj + δZ
L∗
−,jk
)
+
1
4
4∑
k=1
CLkj
(
δZL∗0,ki + δZ
L
0,ik
)
− esβ√
2sW
U∗j2δtWN
∗
i1
]
PL
+
[
CRij
(
δZe − δsW
sW
+
1
2
δZH− +
1
4
tanβδZG−H−
)
+
1
4
2∑
k=1
CRik
(
δZR−,kj + δZ
R∗
−,jk
)
+
1
4
4∑
k=1
CLkj
(
δZL∗0,ki + δZ
L
0,ik
)
+
ecβ√
2sW
Vi2δtWNj1
]
PR
}
χ˜−j .
(33)
The counterterm amplitudeM(c)1 can be explicitly derived from the above Lagrangian. The
renormalization of the input parameters e, θW , mZ and mW follows the conventional on-mass-
shell scheme [11]. The other renormalization constants with the on-mass-shell scheme are
defined as follows.
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The charged Higgs wave function renormalization constant is
δZH− = −R˜e∂ΣH
−H−
∂p2
(m2H−). (34)
The fermion wave function renormalization [11] constants are
δZLii = −R˜e
{
ΣLii(m
2
i ) +m
2
i
[∂ΣLii
∂p2
(m2i ) +
∂ΣRii
∂p2
(m2i )
]
+mi
[∂ΣSLii
∂p2
(m2i ) +
∂ΣSRii
∂p2
(m2i )
]}
,
δZRii = −R˜e
{
ΣRii(m
2
i ) +m
2
i
[∂ΣLii
∂p2
(m2i ) +
∂ΣRii
∂p2
(m2i )
]
+mi
[∂ΣSLii
∂p2
(m2i ) +
∂ΣSRii
∂p2
(m2i )
]}
,
δZLij =
2
m2i −m2j
R˜e
[
m2jΣ
L
ij(m
2
j ) +mimjΣ
R
ij(m
2
j ) +miΣ
SL
ij (m
2
j ) +mjΣ
SR
ij (m
2
j )
]
, (i 6= j),
δZRij =
2
m2i −m2j
R˜e
[
m2jΣ
R
ij(m
2
j) +mimjΣ
L
ij(m
2
j) +miΣ
SR
ij (m
2
j ) +mjΣ
SL
ij (m
2
j)
]
, (i 6= j).
(35)
We use the scheme in Ref. [11] to fix G− −H− mixing renormalization constant,
δZG−H− = − 2
mW
R˜eΣH−W−(m
2
H−). (36)
Then the renormalization constants could be derived from the self-energy Feynman dia-
grams shown in Figs.3-8. Through the calculation, the UV divergences of the one-loop vertex
and the counterterm are
M(v)1
∣∣∣
UV
=
(
− 1
ǫ
){[ α
16πm2Ws
2
βs
2
W
[s2β(m
2
Z + 18m
2
W ) +
3∑
g=1
6m2ug ] +
αecβ√
2πs2W cW
Ni1Vj2
]
CRijPR
+
[ α
16πm2W c
2
βs
2
W
[c2β(m
2
Z + 18m
2
W ) +
3∑
g=1
(6m2dg + 2m
2
eg)]−
αesβ√
2πs2W cW
Ni1Uj2
]
CLijPL
}
,
(37)
M(c)1
∣∣∣
UV
=
1
ǫ
{[ α
16πm2Ws
2
βs
2
W
[s2β(m
2
Z + 18m
2
W ) +
3∑
g=1
6m2ug ] +
αecβ√
2πs2W cW
Ni1Vj2
]
CRijPR
+
[ α
16πm2W c
2
βs
2
W
[c2β(m
2
Z + 18m
2
W ) +
3∑
g=1
(6m2dg + 2m
2
lg)]−
αesβ√
2πs2W cW
Ni1Uj2
]
CLijPL
}
,
(38)
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where, mug , mdg and mlg represent the mass of the u-type quarks, the d-type quarks and the
leptons, and g is the generation index.
Obviously, the UV divergences ofM(v)1 andM(c)1 can cancel each other, as they must. Then
the renormalized amplitude at one-loop order is UV convergent
MV1
∣∣∣
UV
= 0. (39)
Thus the full one-loop virtual correction for the decay width is
ΓV =
1
8π
pout
m2H−
2Re(M0MV ∗1 ), (40)
where the renormalized amplitude MV1 is UV finite, but it still contains infrared (IR) diver-
gences, which can be written as:
MV1
∣∣∣
IR
=
α
2π
1
ǫ
[
− 2 + 2x1x2 − x1 − x2
x1 − x2 ln
(x1x2 − x2
x1x2 − x1
)]
M0, (41)
where,
x1,2 =
m2H− −m2χ˜−j +m
2
χ˜0i
± 2mH−pout
2m2
χ˜0i
. (42)
The IR divergences can be cancelled after adding the contributions from the emission of real
photons, which will be described in detail in the following section.
4 Real Correction
The Feynman diagrams for the real corrections are shown in Fig.1.
χ˜−i
χ˜0j
H−
γ χ˜−i
χ˜0j
H−
γ
Figure 1: The photon emission Feynman diagrams.
The relevant three-body decay width is
ΓR =
1
2Φ
∫ ∑
|M3|2dPS(3), (43)
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where Φ = mH− is the usual flux factor for the one particle initial state. dPS(3) is the three-body
phase space.
∑|M3|2 is the squared amplitude averaged over the initial degrees of freedom,∑
|M3|2 = 2e
2
(pχ˜− · pγ)2 [−m
2
χ˜−(pχ˜0 · pγ)−m2χ˜−(pχ˜− · pχ˜0) + (pχ˜− · pγ)(pχ˜0 · pγ)](CLC†R + CRC†L)
+
2e2
(pχ˜− · pγ)2mχ˜
−mχ˜0 [m
2
χ˜− + (pχ˜− · pγ)](CLC†L + CRC†R) +
2e2
[(pχ˜− · pγ) + (pχ˜0 · pγ)]2
×[m2χ˜− +m2χ˜0 + 2(pχ˜− · pχ˜0) + (pχ˜− · pγ) + (pχ˜0 · pγ)][−(pχ˜− · pχ˜0)(CLC†R + CRC†L)
+mχ˜−mχ˜0(CLC
†
L + CRC
†
R)] +
2e2
(pχ˜− · pγ)[(pχ˜− · pγ) + (pχ˜0 · pγ)] [2m
2
χ˜−(pχ˜− · pχ˜0)
+2(pχ˜− · pχ˜0)2 + 2(pχ˜− · pχ˜0)(pχ˜0 · pγ) + (pχ˜− · pχ˜0)(pχ˜0 · pγ) +m2χ˜−(pχ˜0 · pγ)
−4m2χ˜0(pχ˜− · pγ)](CLC†R + CRC†L) +
2e2
(pχ˜− · pγ)[(pχ˜− · pγ) + (pχ˜0 · pγ)]
(−mχ˜−mχ˜0)
×[2m2χ˜− + 2(pχ˜− · pγ) + (pχ˜0 · pγ) + 2(pχ˜− · pχ˜0)](CLC†L + CRC†R)
where pχ˜− , pχ˜0 and pγ is the relevant four dimensional momentums.
The IR singularities arise from the phase space integration for the real soft photon emission,
which can be conveniently isolated by slicing the space into two regions defined by suitable
cut-off δs, according to whether the energy of the emitted photon is soft, i.e. Eγ ≤ δsmH−/2,
or not. Correspondingly, the three-body decay width can be written into two parts as following.
1
2Φ
∫ ∑
|M3|2dPS(3) = 1
2Φ
∫
soft
∑
|M3|2dPS(3) + 1
2Φ
∫
hard
∑
|M3|2dPS(3), (44)
where the corresponding parts are Γsoft and Γhard respectively.
The hard part Γhard is IR finite and can be numerically calculated using the Cuba program
[20]. The IR divergences only live in the soft part Γsoft. Using the eikonal approximation, the
soft part can be factorized into an IR factor, multiplied by the tree-level decay width.
Γsoft = δIRΓ0, (45)
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where
δIR =
α
2π
{1
ǫ
[
2− 2x1x2 − x1 − x2
x1 − x2 ln
(x1x2 − x2
x1x2 − x1
)]
+
[
ln
( 4πµ2
δ2sm
2
H−
)
− γE
]
×
[
2− 2x1x2 − x1 − x2
x1 − x2 ln
(x1x2 − x2
x1x2 − x1
)]
+ 2 +
2x1x2 − x1 − x2
x1 − x2
×
[
ln
(x1x2 − x2
x1x2 − x1
)
− 2Li2
(2(x1 − x2)
x1x2 − x2
)
− 1
2
ln2
(x1x2 − x2
x1x2 − x1
)]}
.
(46)
From Eq.(41) and Eq.(46) we can see that the IR divergences in ΓV and ΓR can be cancelled.
Finally, summing up the tree-level, the virtual and the real corrections, the decay width of
H− → χ˜−χ˜0, including the FEW corrections, is
Γ = Γ0 + ΓV + ΓR. (47)
5 Numerical Results
We now present some numerical results of two charged Higgs decay modes: H− → χ˜−1 χ˜01
(mode 1) and H− → χ˜−1 χ˜02 (mode 2), which are dominant decay modes allowed by kinetics.
The SM input parameters are chosen as follows [21],
mZ = 91.1875GeV, mW = 80.45GeV, αEW = 1/137,
me = 0.51MeV, mµ = 105.658MeV, mτ = 1.777GeV,
mu = 53.8MeV, mc = 1.5GeV, mt = 178GeV,
md = 53.8MeV, ms = 150MeV, mb = 4.7GeV.
As mentioned in Ref. [19], the masses of the up and down quarks are effective parameters which
are adjusted such that the five-flavor hadronic contribution to ∆α is 0.02788 [22], ie
∆α
(5)
had(s = M
2
Z) =
α
π
∑
f=u,c,d,s,b
q2f
(
log
M2Z
m2f
− 5
3
)
!
= 0.02778 .
For the phenomenological MSSM parameters, we choose all the parameters are real and use
the suspect program [19] to calculate the particle spectrum. Our calculations are mainly based
on the relevant inputs as following unless specified:
mH− = 250GeV, mχ˜−
1
= 100GeV, mχ˜−
2
= 300GeV, mχ˜0
1
= 60GeV,
11
mQ˜ = mU˜ = mD˜ = mE˜ = mL˜ = At = Ab = Aτ = MSUSY = 200GeV.
With the above chargino and neutralino masses, the fundamental parameters M, M’ and µ
are extracted from the tree-level mass matrixes (3) and (4), assuming µ < 0 and the magnitude
of M is always larger than that of µ. The above input parameters are consistent with all the
existing experiment data [21]. With the these mass parameters, we calculate out the basic phe-
nomenological MSSM parameters. Note that the inputs are the same as the ones in Ref. [11].
But we vary tan β, mH− , mχ˜−
1
and mχ˜0
1
to examine their effects on the decay widths.
Fig.9 presents the dependence of the FEW corrected decay width on the arbitrary soft cut-
off scale δs, introduced in the PSS method. As δs varies from 10−1 to 10−9, the uncertainty of
the decay width is below ±0.1%. Therefore we set the soft cut-off scale δs as 10−5 through our
numerical calculations.
When we include the corrections as shown in Eqs.(14)-(29) from mixing matrixes , the se-
quence of the masses of the neutralino 2 and 3 will be exchanged. Consequently, the second and
the third row in the rotation matrix N will be exchanged. This is so-called level crossings [23].
To prove this viewpoint, we force to exchange back between neutralino 2 and 3. Fig.10 shows
the LO corrections before and after the exchanging. We can see the corrections after exchanging
are almost the same as the corresponding corrections in Ref. [11].
Fig.11 shows that the improved tree-level decay width and the LO, the CLO and the FEW
corrected decay width as the functions of tanβ, respectively. As tan β ≥ 4, the LO corrections
increases the tree-level decay width for the decay mode 1 and slightly decreases it for the decay
mode 2.
Fig.12 shows the LO, the CLO and the FEW relative corrections as the functions of tanβ,
respectively. As tanβ ranges between 2 and 50, all the corrections keep increasing with the in-
creasing of tanβ for the decay mode 1, which can reach 30%, and vary between 5% and−15%
for the decay mode 2. Comparing with the LO corrections, the FEW and the CLO corrections
for the mode 1 are in general larger by almost 6% and 3%, respectively. From Fig.12, we can
also see the changes of FEW and CLO corrections for the mode 2 are not negligible, and the LO
corrections are no longer important as tan β < 5 for the mode 1 and tanβ > 45 for the mode 2,
since in these conditions the quark mass-dependent terms in the χ˜q˜q¯ vertexes are small and the
12
mass-independent terms are important, thus the contributions from the first and second genera-
tion quarks should also be significant. Moreover, we find that the curves for the LO corrections
of the mode 1 are almost the same as that in Ref. [11]. However, the curve for LO corrections
of the mode 2 is different due to the level crossings as discussed above. For the same reason,
the FEW corrections for the mode 1 and 2 are changed to each other for tanβ = 33.1.
Fig.13 shows the LO, the CLO and the FEW corrections for tan β = 4 as the functions
of mH− , respectively. These corrections are not very sensitive to mH− for the decay mode 1,
and have a little dependence of mH− for the decay mode 2. As mH− ranges between 250GeV
and 600GeV, the corrections do not change too much. Comparing with the LO and the CLO
corrections, in general, the FEW corrections for the mode 1 increase about 6% and 2%, respec-
tively, and the magnitude of the FEW corrections for the mode 2 can increase about 8% and
6%, respectively. There are many dips on the curves, which come from the singularities at the
threshold points, for example, respective ones of which on the LO and the CLO corrections
curves are shown as following:
mH−(396.2GeV ) = mt˜1(186.6GeV ) +mb˜1(209.6GeV ),
mH−(407.0GeV ) = mt˜1(186.6GeV ) +mb˜2(220.4GeV ),
mH−(535.4GeV ) = mt˜2(325.8GeV ) +mb˜1(209.6GeV ).
Moreover, there are also more little dips appearing on the curves of the FEW corrections that
come from the singularities of other loop Feynman diagrams.
Fig.14 gives almost the same case as Fig.13 except tan β = 30. Comparing with the LO
and the CLO corrections, in general, the FEW corrections for the mode 1 increase about 5% and
2%, respectively, and the magnitude of the FEW corrections for the mode 2 can increase about
14% and 10%, respectively. The respective dips on the LO and the CLO corrections curves,
arising from the singularities at the threshold points, are
mH−(377.6GeV ) = mt˜1(195.8GeV ) +mb˜1(181.8GeV ),
mH−(439.9GeV ) = mt˜1(195.8GeV ) +mb˜2(244.1GeV ),
mH−(501.0GeV ) = mt˜2(319.2GeV ) +mb˜1(181.8GeV ),
mH−(563.3GeV ) = mt˜2(319.2GeV ) +mb˜2(244.1GeV ).
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Moreover, there are also more little dips on the curves of the FEW corrections. In comparison,
the results of the LO corrections shown in Figs.13 and 14 agree with the ones in Ref. [11].
Fig.15 gives the LO, the CLO and the FEW corrections to H− → χ˜−1 χ˜01 as the functions of
mχ˜−
1
for tanβ = 4 and 30, respectively. The LO corrections are about 1% for tan β = 4 and
generally vary from 4% to 8% for tan β = 30. Comparing with the LO corrections, in general,
for both above cases the CLO corrections increase about 3%, and the FEW corrections increase
about 5%, respectively.
Fig.16 presents the LO, the CLO and the FEW corrections to H− → χ˜−1 χ˜01 as the functions
of mχ˜0
1
, respectively. Here, we choose the same parameters as above except mχ˜−
1
= 128GeV.
When tanβ = 4, the LO and the CLO corrections almost do not change, and the FEW cor-
rections slightly decrease with the increasing of mχ˜0
1
. When tanβ = 30, all three corrections
increase with the increasing of mχ˜0
1
. Comparing with the LO corrections, in general, the CLO
corrections increase about 3%, and the FEW corrections increase about 5%, respectively.
In the following calculations, the MSSM parameters are constrained within the mSUGRA
[16], in which there are only five free input parameters, i.e. m1/2, m0, A0, tanβ and sign of µ,
where m1/2, m0, A0 are the universal gaugino mass, scalar mass at GUT scale and the trilinear
soft breaking parameter in the superpotential terms, respectively.
Fig.17 shows the LO, the CLO and the FEW corrections as the functions of m0 ranging
between 0 and 1000GeV, respectively, assuming m1/2 = 200GeV, A0 = 0 and tanβ = 10.
We find that for both decay modes the LO and the CLO corrections only slightly change as m0
varies. For the decay mode 1, the FEW corrections can be larger than the LO and the CLO
corrections by 18% and 14%, respectively. For the decay mode 2, the FEW corrections can be
larger than the LO corrections by 50%, and than the CLO corrections by 60%.
Fig.18 gives the LO, the CLO and the FEW corrections as the functions of A0, respectively,
assuming m1/2 = 200GeV, m0 = 200GeV and tanβ = 10. The LO and the CLO corrections
almost do not change with varying of A0, but the FEW corrections change much. The FEW
corrections can be larger than the LO and the CLO corrections by about 18% and 13% for the
decay mode 1, respectively. For the decay mode 2, the FEW corrections tend to decrease and
can be larger than the LO and the CLO corrections by about 30% and 25%, respectively.
In conclusion, we have calculated the FEW corrections to the charged Higgs decays into
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a neutralino and chargino in the MSSM, and compared with the LO and the CLO corrections.
Our results show that the magnitudes of the FEW corrections can be larger than 10% for both
decay modes for tan β > 30. Moreover, comparing with the FEW corrections, both of the
LO and the CLO corrections are negligible small for the mode 1 when tan β < 5, and for the
mode 2 when tan β > 45, respectively, since there are not enhancements from the Yukawa
couplings. We have also calculated the FEW corrections in the mSUGRA scenario, where the
FEW corrections can be larger than the LO and the CLO corrections by more than 60% and
50%, respectively. Thus the FEW corrections are significant, which might be observable in the
future high precision experiments for Higgs physics.
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Appendix
In this appendix, we list the explicit expressions for the vertex one-loop amplitude. The vertex
one-loop amplitudes are expanded with two Dirac matrix elements [24] with 35 coefficients for
each of them, corresponding to the 35 Feynman diagrams in Fig.2.
M(v)1 =
35∑
i=1
(f i1F1 + f
i
2F2), (48)
where,
F1 = u(pχ˜−j
)PRv(pχ˜0i ), F2 = u(pχ˜−j
)PLv(pχ˜0i ). (49)
In our paper, we use the Passarino-Veltman integrals, which are defined in Ref. [24]. For
simplicity, we define the notations as following:
c1(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
χ˜−c1
,m2h0,m
2
χ˜0n1
), b10 = B0(m
2
χ˜0i
,m2h0 ,m
2
χ˜0n1
)
c2(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
χ˜−c1
,m2H0 ,m
2
χ˜0n1
), b20 = B0(m
2
χ˜0i
,m2H0 ,m
2
χ˜0n1
)
c3(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
χ˜−c1
,m2A0,m
2
χ˜0n1
), b30 = B0(m
2
χ˜0i
,m2A0,m
2
χ˜0n1
)
c4(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
χ˜−c1
,m2Z ,m
2
χ˜0n1
), b40 = B0(m
2
χ˜0i
,m2Z ,m
2
χ˜0n1
)
c5(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
χ˜−n1
,m2H− ,m
2
χ˜0c1
), b50 = B0(m
2
χ˜0i
,m2H− ,m
2
χ˜0c1
)
c6(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
χ˜−n1
,m2W ,m
2
χ˜0c1
), b60 = B0(m
2
χ˜0i
,m2W ,m
2
χ˜0c1
)
c7(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
eg1
,m2ν˜g1 , 0), b
7
0 = B0(m
2
χ˜0i
, 0,m2ν˜g1 )
c8(0,1,2) = C(0,1,2)(m
2
H−,m
2
χ˜0
i
,m2
χ˜−j
, 0,m2eg1 ,m
2
e˜s1g1
), b80 = B0(m
2
χ˜0
i
,m2eg1 ,m
2
e˜s1g1
)
c9(0,1,2) = C(0,1,2)(m
2
H−,m
2
χ˜−j
,m2χ˜0i
,m2ug2 ,m
2
dg1
,m2u˜s1g1 ), b
9
0 = B0(m
2
χ˜−j
,m2dg1 ,m
2
u˜s1g2
)
c10(0,1,2) = C(0,1,2)(m
2
H−,m
2
χ˜0i
,m2
χ˜−j
,m2ug1 ,m
2
dg2
,m2
d˜s1g2
), b100 = B0(m
2
χ˜0i
,m2dg2 ,m
2
u˜s1g2
)
c11(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
H− ,m
2
χ˜0n1
,m2h0)
c12(0,1,2) = C(0,1,2)(m
2
χ˜−
j
,m2χ˜0i
,m2H−,m
2
h0 ,m
2
χ˜−c1
,m2H−)
c13(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
H− ,m
2
χ˜0n1
,m2H0)
c14(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
H0 ,m
2
χ˜−c1
,m2H−)
c15(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0
i
,m2H−,m
2
W ,m
2
χ˜0n1
,m2h0)
c16(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
h0 ,m
2
χ˜−c1
,m2W )
c17(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
W ,m
2
χ˜0n1
,m2H0)
c18(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
H0 ,m
2
χ˜−c1
,m2W )
c19(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
W ,m
2
χ˜0n1
,m2A0)
c20(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
A0 ,m
2
χ˜−c1
,m2W )
c21(0,1,2) = C(0,1,2)(m
2
χ˜−
j
,m2χ˜0i
,m2H−,m
2
e˜s1g1
, 0,m2ν˜g1 )
c22(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2H−,m
2
χ˜0i
,m2eg1 ,m
2
ν˜g1
,m2e˜s1g1 )
c23(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2H−,m
2
χ˜0i
,m2ug2 ,m
2
d˜s1g1
m
2
u˜s2g2
)
c24(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2H−,m
2
χ˜0
i
,m2dg2 ,m
2
u˜s1g1
,m2
d˜s2g2
)
c25(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
χ˜−c1
,m2Z ,m
2
χ˜0n1
), b250 = B0(m
2
χ˜0i
,m2Z ,m
2
χ˜0n1
)
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c26(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
χ˜−n1
,m2W ,m
2
χ˜0c1
), b260 = B0(m
2
χ˜0i
,m2W ,m
2
χ˜−c1
)
c27(0,1,2) = C(0,1,2)(m
2
χ˜−
j
,m2χ˜0i
,m2H−,m
2
H− ,m
2
χ˜0n1
,m2Z), b
27
0 = B0(m
2
χ˜0i
,m2Z ,m
2
χ˜−n1
)
c28(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
h0 ,m
2
χ˜−c1
,m2W ), b
28
0 = B0(m
2
χ˜0i
,m2W ,m
2
χ˜−c1
)
c29(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
H0 ,m
2
χ˜−c1
,m2W ), b
29
0 = B0(m
2
χ˜0i
,m2W ,m
2
χ˜−c1
)
c30(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0
i
,m2H−,m
2
A0 ,m
2
χ˜−c1
,m2W ), b
30
0 = B0(m
2
χ˜0
i
,m2W ,m
2
χ˜−c1
)
c31(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−, 0,m
2
χ˜−j
,m2H−), b
31
0 = B0(m
2
χ˜0i
,m2H− ,m
2
χ˜−j
)
c32(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
Z ,m
2
χ˜−c1
,m2H−), b
32
0 = B0(m
2
χ˜0i
,m2H− ,m
2
χ˜−c1
)
c33(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
W ,m
2
χ˜0n1
,m2h0), b
33
0 = B0(m
2
χ˜0i
,m2h0,m
2
χ˜0n1
)
c34(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
W ,m
2
χ˜0n1
,m2H0), b
34
0 = B0(m
2
χ˜0i
,m2H0 ,m
2
χ˜0n1
)
c35(0,1,2) = C(0,1,2)(m
2
χ˜−j
,m2χ˜0i
,m2H−,m
2
W ,m
2
χ˜0n1
,m2A0), b
35
0 = B0(m
2
χ˜0i
,m2A0 ,m
2
χ˜0n1
)
We also define some abbreviations for the frequent combinations as following:
X 1ab = (cWNa2 − sWNa1)(sαNb3 + cαNb4) + (cWNb2 − sWNb1)(sαNa3 + cαNa4)
X 2ab = (cWNa2 − sWNa1)(cαNb3 − sαNb4) + (cWNb2 − sWNb1)(cαNa3 − sαNa4)
X 3ab = (cWNa2 − sWNa1)(cβNb4 − sβNb3) + (cWNb2 − sWNb1)(cβNa4 − sβNa3)
X 4ab = (cWNa2 − sWNa1)(cβNb3 + sβNb4) + (cWNb2 − sWNb1)(cβNa3 + sβNa4)
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X 8gs = cβmWRe˜g∗s1 (sWNi1 + cWNi2)− cWmegRe˜g∗s2 Ni3
X 9gs = 2mW sβRu˜g∗s1 Vj1 −
√
2mugR
u˜g∗
s2 Vj2
X 10gs = 2cβmWU∗j1Rd˜gs1 −
√
2mdgU
∗
j2R
d˜g
s2
X 21gs = (m2Ws2β − tβm2eg)Re˜g∗s1 − (µ+ tβA∗eg)megRe˜g∗s2
X 25jc = s2W δc,j −Uc1U∗j1 −
1
2
Uc2U
∗
j2
X 26cn = U∗c1Nn2 + U∗c2Nn3/
√
2
Y1ab = sαUa2Vb1 − cαUa1Vb2, Y2ab = cαUa2Vb1 + sαUb1Va2
Y3ab = sβUa2Vb1 + cβUa1Vb2, Y4ab = sβUa1Vb2 − cβUa2Vb1
Y8gs = −2U∗j1Re˜gs1 +
√
2megU
∗
j2R
e˜g
s2/(cβmW )
Y9gs = 4mWsβsWRu˜gs2Ni1 − 3cWmugRu˜gs1Ni4
Y10gs = (2cβmW sWRd˜g∗s2 N∗i1 + 3cWmdgRd˜g∗s1 N∗i3)mdg
Y25cj = s2W δc,j −Vj1V∗c1 −
1
2
Vj2V
∗
c2
Y26cn = V ∗c1Nn2 − V ∗c2Nn4/
√
2
Z8gs = 2cβmW sWRe˜g∗s2 N∗i1 + cWmegRe˜g∗s1 N∗i3
Z9gs = mW sβRu˜gs1 (sWN∗i1 + 3cWN∗i2) + 3cWmugRu˜gs2N∗i4
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Z10gs = cβmWRd˜g∗s1 (−sWNi1 + 3cWNi2)− 3cWmdgRd˜g∗s2 Ni3
Z25ab = Na3N∗b3 −Na4N∗b4
W1nc = (mχ˜−c CLnc +mχ˜0nCRnc), W2nc = (mχ˜0nCLnc +mχ˜−c CRnc)
W3nc = (mχ˜−c DLnc +mχ˜0nDRnc), W4nc = (mχ˜0nDLnc +mχ˜−c DRnc)
W5c1c2 = (mχ˜−c1Y
1 +mχ˜−c2
Y1∗), W6c1c2 = (mχ˜−c1Y
2 +mχ˜−c2
Y2∗)
W7c1c2 = (mχ˜−c1Y
3 −mχ˜−c2Y
3∗), W8n1n2 = (mχ˜0n1X
1 −mχ˜0n2X
1∗)
W9g1g2s1 =
√
2tβm
2
dg1
U∗j2R
u˜g2∗
s11
, W10g1g2s1 =
√
2Vj2m
2
ug1
R
d˜g2
s11
T 1 = T 2 = T 3 = T 4 = α/(8
√
2cWπs
2
W ), T 5 = T 6 = α/(4πe2)
T 7 = αetβ(cWN∗i2 − sWN∗i1)/(8mW cWπs3W ), T 8 = αetβ/(16cβcWm2Wπs3W )
T 9 = αeKg2g1K∗g2g1/(16cWm3Wπs2βs3W tβ), T 10 = αeKg1g2K∗g1g2/(16cWm3Wπs2βs3W )
T 11 = −αmW [c2βsα+β/(2c2W ) + sβ−α]/(8cWπs2W )
T 12 = −αmW [c2βsα+β/(2c2W ) + sβ−α]/(4
√
2πs2W )
T 13 = αmW [cβ−α − c2βcα+β/(2c2W )]/(8cWπs2W )
T 14 = αmW [cβ−α − c2βcα+β/(2c2W )]/(4
√
2πs2W )
T 15 = αmW [cβ−α − s2βsα+β/(2c2W )]/(16cWπs2W )
21
T 16 = αmW (cβ−α − s2βsα+β/c2W )/(8
√
2πs2W )
T 17 = αmW [sβ−α − s2βcα+β/c2W ]/(16cWπs2W )
T 18 = αmW [sβ−α − s2βcα+β/c2W ]/(8
√
2πs2W )
T 19 = αmW/(16cWπs2W ), T 20 = αmW/(8
√
2πs2W )
T 21 = αe/(16cWmWπs3W ), T 22 = αe/(8
√
2c2βcWm
3
Wπs
3
W )
T 23 = αeKg2g1K∗g2g1/(16cWm3Wπs2βs3W tβ), T 24 = αeKg1g2K∗g1g2/(16cWm3Wπs2βs3W )
T 25 = α/(4c2Wπs2W ), T 26 = α/(2πs2W )
T 27 = αc2W/(16πc2Ws2W ), T 28 = αecβ−α/(8
√
2πs3W )
T 29 = αesβ−α/(8
√
2πs3W ), T 30 = αe/(8
√
2πs3W )
T 31 = −α/(4π), T 32 = αc2W/(8πc2Ws2W )
T 33 = αecβ−α/(16cWπs2W ), T 34 = αesβ−α/(16cWπs2W )
T 35 = αe/(16cWπs2W )
With the above abbreviations, we present the coefficients as following:
f 11 = T 1
2∑
c1=1
4∑
n1=1
[b10Y1c1jX 1in1CLn1c1 + c12(mχ˜0iW2n1c1Y1c1jX 1∗in1 −mχ˜−j W
1
n1c1Y1∗jc1X 1in1 +m2H−Y1c1jX 1in1CLn1c1)
+ c10(mχ˜−c1
W1n1c1Y1c1jX 1in1 −mχ˜−c1mχ˜−j Y
1∗
jc1
X 1in1CLn1c1 +mχ˜−c1mχ˜0iY
1
c1j
CRn1c1X 1∗in1)
22
+ c11(m
2
χ˜−j
Y1c1jX 1in1CLn1c1 −mχ˜−j mχ˜0iY
1∗
jc1C
R
n1c1X 1∗in1 −mχ˜−j W
1
n1c1Y1∗jc1X 1in1)]
f 12 = f
1
1 (Y1c1j ↔ Y1∗jc1, X 1in1 ↔ X 1∗in1 , CLn1c1 ↔ CRn1c1, W1n1c1 ↔W2n1c1)
f 21 = f
1
1 (T 1 → T 2, b10 → b20, c1(0,1,2) → c2(0,1,2), X 1in1 → X 2in1 , X 1∗in1 → X 2∗in1,
Y1c1j → Y2c1j , Y1∗jc1 → Y2∗jc1)
f 22 = f
2
1 (Y2c1j ↔ Y2∗jc1, X 2in1 ↔ X 2∗in1 , CLn1c1 ↔ CRn1c1, W1n1c1 ↔W2n1c1)
f 31 = f
1
1 (T 1 → T 3, b10 → b30, c1(0,1,2) → c3(0,1,2), X 1in1 → X 3in1 , X 1∗in1 → −X 3∗in1 ,
Y1c1j → Y3c1j , Y1∗jc1 → −Y3∗jc1)
f 32 = f
3
1 (Y3c1j ↔ Y3∗jc1, X 3in1 ↔ X 3∗in1 , CLn1c1 ↔ CRn1c1, W1n1c1 ↔W2n1c1)
f 41 = f
3
1 (T 3 → T 4, b30 → b40, c3(0,1,2) → c4(0,1,2), X 3in1 → X 4in1 , X 3∗in1 → X 4∗in1,
Y3c1j → Y4c1j , Y3∗jc1 → Y4∗jc1)
f 42 = f
4
1 (Y4c1j ↔ Y4∗jc1, X 4in1 ↔ X 4∗in1 , CLn1c1 ↔ CRn1c1, W1n1c1 ↔W2n1c1)
f 51 = f
4
1 (T
4 → T 5, b40 → b50, c4(0,1,2) → c5(0,1,2), mχ˜0n1 → mχ˜−c1 , X
4
in1
→ CL∗ic1 , X 4∗in1 → −CR∗ic1 ,
Y4c1j → CRn1j, Y4∗jc1 → −CLn1j, W1n1c1 ↔W2n1c1)
f 52 = f
5
1 (L↔ R, W1n1c1 ↔W2n1c1)
f 61 = f
5
1 (T 5 → T 6, b50 → b60, c5(0,1,2) → c6(0,1,2), CL∗ic1 → −CL∗ic1 , CLic1 → −CLic1)
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f 62 = f
6
1 (L↔ R)
f 71 = −T 7
3∑
g1=1
m
2
eg1
mχ˜0i
[
Vj1(c
7
0 + c
7
2) + c
7
1mχ˜−j
U∗j2/(
√
2cβmW )
]
f 72 == T 7
3∑
g1=1
m
2
eg1
(
U∗j2√
2cβmW
(b70 +m
2
H−c
7
2 +m
2
χ˜−j
c71 + c
7
0m
2
eg1
) +mχ˜−j
Vj1(c
7
0 + c
7
1 + c
7
2)
)
f 81 = T 8
3∑
g1=1
2∑
s1=1
(c81 + c
8
2)mχ˜−j
m2eg1Y
8
g1s1
X 8g1s1 −mχ˜−j meg1mχ˜0iY
8
g1s1
Z8g1s1
f 82 = T 8
3∑
g1=1
2∑
s1=1
(b80 + c
8
2m
2
χ˜−j
+m2H−)meg1Y8g1s1Z8g1s1 − c81m2eg1mχ˜0iY
8
g1s1X 8g1s1
f 91 =
3∑
g1=1
3∑
g2=1
2∑
s1=1
T 9[mug2X 9g2s1Y9g2s1(b90 + c90(m2ug2 + t
2
βm
2
dg1
) + c91m
2
H− + c
9
2m
2
χ˜0i
)
− t2βW9g1g2s1mχ˜−j (mug2Y
9
g2s1
(c90 + c
9
1/s
2
β) + c
9
2mχ˜0i
Z9g2s1)
+mχ˜0iX 9g2s1Z9g2s1(c90m2ug2 + (c
9
1 + c
9
2)(m
2
ug2
+ t2βm
2
dg1
))]
f 92 =
3∑
g1=1
3∑
g2=1
2∑
s1=1
T 9[W9g1g2s1Z9g2s1t2β(b90 + c90m2ug2/s
2
β + c
9
2m
2
χ˜0i
+ c91m
2
H−)
+W9g1g2s1Y9g2s1mχ˜0imug2 ((c92 + c91)/c2β + c90t2β)− X 9g2s1mχ˜−j (c
9
2mχ˜0i
mug2
Y9g2s1
+ ((c90 + c
9
1)m
2
ug2
+ c91m
2
dg1
t2β)Z9g2s1)]
f 101 =
3∑
g1=1
3∑
g2=1
2∑
s1=1
T 10[W10g1g2s1Z10g2s1(b100 + (m2ug1 + t
2
βm
2
dg2
)c100 +m
2
χ˜−j
c102 +m
2
H−c
10
1 )
− X 10g2s1Z10g2s1m2χ˜−j ((c
10
2 + c
10
1 )tβ(m
2
ug1
+ t2βm
2
dg2
) + c100 m
2
ug1
)
+ Y10g2s1m2χ˜0i ((c
10
0 t
2
β + c
10
1 (1 + t
2
β))W10g1g2s1 −X 10g2s1c102 mχ˜−j t
3
β)]
24
f 102 =
3∑
g1=1
3∑
g2=1
2∑
s1=1
T 10[X 10g2s1Y10g2s1(t3β(b100 + c101 m2H− + c102 m2χ˜−j ) + (1 + t
2
β)m
2
ug1
c100 )
−W10g1g2s1Y10g2s1mχ˜−j ((1 + t
2
β)(c
10
1 + c
10
2 ) + c
10
0 t
2
β)Z10g2s1mχ˜0i (X 10g2s1tβ(c100 m2ug1
+ c101 (m
2
ug1
+ t2βm
2
dg2
))− c102 mχ˜−j W
10
g1g2s1
)]
f 111 = T 11
4∑
n1=1
[c111 mχ˜−
j
X 1in1CLn1j + c110 X 1in1W2n1j + c112 (mχ˜−j X
1
in1
CLn1j −mχ˜0iX 1∗in1CRn1j)]
f 112 = f
11
1 (C
L
n1j
↔ CRn1j, X 1in1 ↔ X 1∗in1, W2n1j →W1n1j)
f 121 = T 12
2∑
c1=1
[c121 mχ˜−j Y
1∗
jc1C
R
ic1 + c
12
0 W5c1jCRic1 + c122 (mχ˜−j Y
1∗
jc1C
R
ic1 −mχ˜0iY1c1jCLic1)]
f 122 = f
12
1 (C
L
ic1 ↔ CRic1, Y1c1j ↔ Y1∗jc1, W5c1j →W5jc1)
f 131 = T 13
4∑
n1=1
[c131 mχ˜−j X
2
in1
CLn1j + c
13
0 X 2in1W2n1j + c132 (mχ˜−j X
2
in1
CLn1j +mχ˜0iX 2∗in1CRn1j)]
f 132 = f
13
1 (C
L
n1j
↔ CRn1j, X 2in1 ↔ X 2∗in1, W2n1j →W1n1j)
f 141 = T 14
2∑
c1=1
[c141 mχ˜−j
Y2∗jc1CRic1 + c140 W5c1jCRic1 + c142 (mχ˜−j Y
2∗
jc1
CRic1 −mχ˜0iY2c1jCLic1)]
f 142 = f
14
1 (C
L
ic1 ↔ CRic1, Y2c1j ↔ Y2∗jc1, W6c1j →W6jc1)
f 151 = T 15
4∑
n1=1
[c151 mχ˜−j X
1
in1
DLn1j + c
15
0 X 1in1W3n1j + c152 (mχ˜−j X
1
in1
DLn1j −mχ˜0iX 1∗in1DRn1j)]
f 152 = f
15
1 (D
L
n1j
↔ DRn1j , X 1in1 ↔ X 1∗in1 , W3n1j →W4n1j)
f 161 = T 16
2∑
c1=1
[c161 mχ˜−j
Y1∗jc1DRic1 + c160 W5c1jDRic1 + c162 (mχ˜−j Y
1∗
jc1
DRic1 −mχ˜0iY1c1jDLic1)]
f 162 = f
16
1 (D
L
ic1 ↔ DRic1 , Y1c1j ↔ Y1∗jc1, W5c1j →W5jc1)
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f 171 = T 17
4∑
n1=1
[c171 mχ˜−j X
2
in1D
L
n1j + c
17
0 X 2in1W3n1j + c172 (mχ˜−j X
2
in1D
L
n1j −mχ˜0iX 2∗in1DRn1j)]
f 172 = f
17
1 (D
L
n1j
↔ DRn1j , X 2in1 ↔ X 2∗in1 , W3n1j →W4n1j)
f 181 = T 18
2∑
c1=1
[c181 mχ˜−j
Y2∗jc1DRic1 + c180 W5c1jDRic1 + c182 (mχ˜−j Y
2∗
jc1
DRic1 −mχ˜0iY2c1jDLic1)]
f 182 = f
18
1 (D
L
ic1
↔ DRic1 , Y2c1j ↔ Y2∗jc1, W6c1j →W6jc1)
f 191 = T 19
4∑
n1=1
[c191 mχ˜−j X
3
in1D
L
n1j + c
19
0 X 3in1W3n1j + c192 (mχ˜−j X
3
in1D
L
n1j +mχ˜0iX 3∗in1DRn1j)]
f 192 = −f 191 (DLn1j ↔ DRn1j, X 3in1 ↔ X 3∗in1, W3n1j →W4n1j)
f 201 = T 20
2∑
c1=1
[c201 mχ˜−
j
Y3∗jc1DRic1 + c200 W5c1jDRic1 + c202 (mχ˜−j Y
3∗
jc1
DRic1 +mχ˜0iY3c1jDLic1)]
f 202 = −f 201 (DLic1 ↔ DRic1, Y3c1j ↔ Y3∗jc1, W6c1j →W6jc1)
f 211 = T 21
3∑
g1=1
2∑
s1=1
(c210 + c
21
1 + c
22
2 )mχ˜−j Y
8
js1X 21g1s1
f 212 = −T 21
3∑
g1=1
2∑
s1=1
c212 mχ˜0iY8js1X 21g1s1
f 221 = T 22
3∑
g1=1
2∑
s1=1
[c221 mχ˜−j meg1U
∗
j2X 21g1s1Z8g1s1 + (c220 meg1Z8g1s1 + c222 mχ˜0iX 8g1s1)X 21g1s1Vj1
√
2cβmW ]
f 222 = T 22
3∑
g1=1
2∑
s1=1
[c221 mχ˜−j
Vj1X 21g1s1X 8g1s1
√
2cβmW + (c
22
0 meg1
X 8g1s1 + c222 mχ˜0iZ8g1s1)meg1U∗j2X 21g1s1]
f 231 =
3∑
g1=1
3∑
g2=1
2∑
s1=1
2∑
s2=1
T 23X 23[c231 mχ˜−j X
10
g1s1
Z9∗g2s2tβ − (c230 mug2Z9∗g2s2 + c232 mχ˜0iY9∗g2s2)mug2R
d˜g1
s11
Vj2
√
2]
f 232 =
3∑
g1=1
3∑
g2=1
2∑
s1=1
2∑
s2=1
T 23X 23[(c230 mug2Y9∗g2s2 + c232 mχ˜0iZ9∗g2s2)X 10g1s1tβ − c231 mχ˜−j mug2R
d˜g1
s11Vj2Y9∗g2s2
√
2]
26
f 241 =
3∑
g1=1
3∑
g2=1
2∑
s1=1
2∑
s2=1
T 24X 23[c241 mχ˜−j mdg2U
∗
j2R
u˜g1∗
s11
√
2tβY10∗g2s2 + (c240 mdg2Y10∗g2s2 − c242 mχ˜0iZ10∗g2s2)X 9g1s1 ]
f 242 =
3∑
g1=1
3∑
g2=1
2∑
s1=1
2∑
s2=1
T 24X 23[mdg2U∗j2R
u˜g1∗
s11
√
2tβ(c
24
2 mχ˜0i
Y10∗g2s2 − c240 mdg2Z10∗g2s2) + c241 mχ˜−j X
9
g1s1Z10∗g2s2]
f 251 = T 25
2∑
c1=1
4∑
n1=1
[−2b250 Y25c1jCRn1c1Z25in1 − c252 (mχ˜0iY25c1jZ25∗in1W1n1c1 +mχ˜−j X
25
jc1
Z25in1W2n1c1
+ 2m2H−Y25c1jCRn1c1Z25in1)− c251 (mχ˜−j X
25
jc1
Z25in1W2n1c1 + (m2H− +m2χ˜−j −m
2
χ˜0i
)Y25c1jCRn1c1Z25in1)
− c250 (mχ˜−c1mχ˜0iY
25
c1j
Z25∗in1CLn1c1 +mχ˜−c1mχ˜−j X
25
jc1
CRn1c1Z25in1 + 2mχ˜−c1Y
25
c1j
Z25in1W2n1c1)]
f 252 = −f 251 (L↔ R, Y25c1j ↔ X 25jc1, Z25in1 ↔ Z25∗in1 , W1n1c1 ↔W2n1c1, )
f 261 = T 26
2∑
c1=1
4∑
n1=1
[2b260 Y26c1iCRn1c1Y26∗jn1 + c261 (mχ˜−j Y
26
c1iX 26∗c1i W1n1c1 + (m2H− +m2χ˜−j −m
2
χ˜0i
)
× Y26c1iY26∗jn1CRn1c1) + c262 (mχ˜−j Y
26
c1i
X 26∗c1i W1n1c1 + 2m2H−Y26c1iCRn1c1Y26∗jn1 −mχ˜0iX 26jn1Y26∗jn1W2n1c1)
+ c260 (2mχ˜0n1Y
26
c1i
Y26∗jn1W1n1c1 +mχ˜−j mχ˜0n1Y
26
c1i
X 26∗c1i CRn1c1 −mχ˜0imχ˜0n1X
26
jn1
Y26∗jn1CLn1c1)]
f 262 = f
26
1 (L↔ R, W1n1c1 ↔W2n1c1, X 26jn1 ↔ Y26c1i, X 26∗c1i ↔ Y26∗jn1 )
f 271 = T 27
4∑
n1=1
[−b270 CRn1jZ25in1 + c271 mχ˜−j C
L
n1j(mχ˜0iZ25∗in1 −mχ˜0n1Z
25
in1)
+ c272 (m
2
H−C
R
n1j
Z25in1 −mχ˜0iZ25∗in1W1n1j −mχ˜−j Z
25
in1
W2n1j)
+ c270 (mχ˜0iZ25∗in1W1n1j +mχ˜−j Z
25
in1
W2n1j −m2H−CRn1jZ25in1)]
f 272 = f
27
2 (L↔ R, Z25in1 ↔ −Z25∗in1 , W1n1j ↔W2n1j)
f 281 = T 28
2∑
c1=1
[(b280 + c
28
0 m
2
h0 − c282 m2H−)Y1c1jX 26c1i + (c282 − c280 )(mχ˜−j X
26
c1iW5jc1
27
−mχ˜0
i
Y26c1iW5c1j) + c281 mχ˜−j Y
1∗
jc1](mχ˜−c1
X 26c1i +mχ˜0iY26c1i)
f 282 = f
28
1 (Y1c1j ↔ Y1∗jc1, X 26c1i ↔ Y26c1i)
f 291 = f
28
1 (h
0 → H0, T 28 → T 29, b280 → b290 , c28(0,1,2) → c29(0,1,2), Y1c1j → Y2c1j ,
Y1∗c1j → Y2∗c1j , W5 →W6)
f 292 = f
28
2 (h
0 → H0, T 28 → T 29, b280 → b290 , c28(0,1,2) → c29(0,1,2), Y1c1j → Y2c1j ,
Y1∗c1j → Y2∗c1j , W5 →W6)
f 301 = −f 291 (H0 → A0, T 29 → T 30, b290 → b300 , c29(0,1,2) → c30(0,1,2), Y1c1j → Y2c1j,
Y1∗c1j → −Y2∗c1j, W5 →W6)
f 302 = −f 292 (H0 → A0, T 29 → T 30, b290 → b300 , c29(0,1,2) → c30(0,1,2), Y1c1j → Y2c1j,
Y1∗c1j → −Y2∗c1j, W5 →W6)
f 311 = T 31[(c312 + 2c310 + 2c311 )(m2H− +m2χ˜−
j
−m2χ˜0i )C
R
ij + (b
31
0 + 2c
31
2 m
2
H−)C
R
ij − 2c311 mχ˜−j mχ˜0iC
L
ij ]
f 312 = f
31
1 (L↔ R)
f 321 = T 32
2∑
c1=1
[b320 Y25c1jCRic1 + c321 (mχ˜−j X
25
c1j
W2ic1 + (2m2H− +m2χ˜−j − 2m
2
χ˜0i
)Y25c1jCRic1 +mχ˜−j mχ˜0iX
25
c1j
CLic1)
+ c320 (2mχ˜−j X
25
c1jW2ic1 − 2mχ˜0iY25c1jW1ic1 + (2m2H− +m2Z)Y25c1jCRic1)
+ c322 (mχ˜−j X
25
c1j
W2ic1 + 3m2H−Y25c1jCRic1 −mχ˜0iY25c1jW1ic1)
28
f 322 = f
32
1 (L↔ R, W1ic1 ↔W2ic1 , X 25c1j ↔ Y25c1j)
f 331 = −f 321 (T 32 → T 33, b320 → b330 , c32(0,1,2) → c33(0,1,2), W1ic1 →W8in1 , W2ic1 →W8n1i,
Y25c1j → Y26∗jn1 , X 25c1j → X 26∗jn1 , CLic1 → X 1∗in1 , CRic1 → X 1in1)
f 332 = f
33
1 (X 1in1 ↔ X 1∗in1, X 26∗jn1 ↔ Y26∗jn1)
f 341 = f
33
1 (T 33 → T 34, b330 → b340 , c33(0,1,2) → c34(0,1,2), X 1in1 → X 2in1, X 1∗in1 → X 2∗in1)
f 341 = f
33
1 (T 33 → T 34, b330 → b340 , c33(0,1,2) → c34(0,1,2), X 1in1 → X 2in1, X 1∗in1 → X 2∗in1)
f 351 = f
34
1 (T 34 → T 35, b340 → b350 , c34(0,1,2) → c35(0,1,2), X 2in1 → X 3in1, X 2∗in1 → −X 3in1)
f 351 = f
34
1 (T 34 → T 35, b340 → b350 , c34(0,1,2) → c35(0,1,2), X 2in1 → X 3in1, X 2∗in1 → −X 3∗in1)
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Figure 2: The vertex one-loop Feynman diagrams for H− → χ˜−χ˜0. F1F2S: χ˜0χ˜−φ0, χ˜−χ˜0φ−,
f ′f f¯ ; S1S2F : φ0BH
−χ˜−, φ0TG
−χ˜−, H−φ0Bχ˜
0
, G−φ0T χ˜
0
, f˜ ′f˜ f ; F1F2V : χ˜−χ˜0Z, χ˜0χ˜−W−;
SV F : H−Zχ˜0, φ0TW
−χ˜−; V SF : γH−χ˜−, ZH−χ˜−, W−φ0T χ˜
0
. φ0 = {h0, H0, A0, G0}, φ0B =
{h0, H0}, φ0T = {h0, H0, A0}, φ− = {H−, G−}
S2
S1
γ γ(Z)
S
γ γ(Z)
F2
F1
γ γ(Z)
V2
V1
γ γ(Z)
V
γ γ(Z)
S
V
γ γ(Z)
Figure 3: The γγ and γZ self-energy Feynman diagrams. S1S2: H−H+, G−G+, e˜¯˜e, u˜¯˜u, d˜
¯˜
d; S:
φ−, e˜, u˜, d˜; F1F2: ee¯, uu¯, dd¯, χ˜−χ˜+; V1V2: W−W+; V : W−; V S: W−G+, W+G−.
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S1
H− Z
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F2
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H− Z
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H− Z
Figure 4: The H−W− self-energy Feynman diagrams. S1S2: H−φ0B , G−φ0B, e˜¯˜ν, d˜¯˜u; F1F2: eν¯,
du¯, χ˜−χ˜0; V S: W−φ0B.
S2
S1
A
0 Z
2
F2
F1
A
0 Z
S
V
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0 Z
Figure 5: The A0Z self-energy Feynman diagrams. S1S2: A0φ0B , G0φ0B, e˜¯˜e, u˜¯˜u, d˜
¯˜
d; F1F2: ee¯,
uu¯, dd¯, χ˜−χ˜+, χ˜0χ˜0; V S: Zφ0B.
S2
S1
H− H−
S
H− H−
F2
F1
H− H−
V
H− H−
S
V
H− H−
Figure 6: The H−H− self-energy Feynman diagrams. S1S2: H−φ0B, G−φ0T , e˜¯˜ν, d˜¯˜u; S: φ−, φ0,
e˜, ν˜, u˜, d˜; F1F2: eν¯, du¯, χ˜−χ˜0; V : γ, Z, W−; V S: γH−, ZH−, W−φ0T .
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FS
χ˜− χ˜−
F
V
χ˜− χ˜−
Figure 7: The χ˜−χ˜− self-energy Feynman diagrams. SF : φ0χ˜−, φ−χ˜0, ν˜e, e˜ν, u˜d, d˜u; V F :
γχ˜−, Zχ˜−, W−χ˜0.
F
S
χ˜0 χ˜0
F
V
χ˜0 χ˜0
Figure 8: The χ˜0χ˜0 self-energy Feynman diagrams. SF : φ0χ˜0, φ−χ˜+, φ+χ˜−, ν˜ν¯, e˜e¯, u˜u¯, d˜d¯,
¯˜νν, ¯˜ee, ¯˜uu,
¯˜
dd; V F : Zχ˜0, W−χ˜+, W+χ˜−.
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Figure 9: The dependence of the decay width on the soft photon cut-off scale.
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Figure 10: The LO corrections to H− → χ˜−1 χ˜02 before and after exchanging back
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Figure 11: The improved tree-level decay width (above) and the corrected decay width (below)
as the functions of tan β.
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Figure 12: The relative correction as the functions of tanβ.
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Figure 13: The relative correction as the functions of mH− for tan β = 4.
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Figure 14: The relative correction as the functions of mH− for tanβ = 30.
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Figure 15: The relative correction as the functions of mχ˜−
1
for H− → χ˜−1 χ˜01.
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Figure 16: The relative correction as the functions of mχ˜0
1
for H− → χ˜−1 χ˜01.
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Figure 17: The relative correction as the functions of m0.
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Figure 18: The relative correction as the functions of A0.
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